The use of skin as an alternative route for administering systemically active drugs has attracted considerable interest in recent years. However, the skin provides an excellent barrier, which limits the number of drug molecules suitable for transdermal delivery. Thus, in order to improve cutaneous delivery novel formulations, e.g. microemulsions, liposomes, transferosomes, colloidal polymeric suspensions, or more conventional skin permeation enhancers are targeted passively. The focus of this review was to investigate the local changes in the ultra structure of rat skin invitro, in-vivo after topical/transdermal administration of vesicular systems using cryo-scanning microscopy, transmission electron microscopy (TEM), scanning electron microscopy (SEM), confocal scanning laser microscopy (CSLM), fluorescence microscopy and freeze fracture electron microscopy. Despite intensive research, the mechanisms by which vesicular systems deliver drugs into intact skin are not yet fully understood. The objective of this review, therefore, is to evaluate how visualization techniques may contribute to the determination of the mechanisms of diverse skin penetration enhancement strategies.
Introduction
Although the skin as a route for drug delivery can offer many advantages, including avoidance of first-pass metabolism, lower fluctuations in plasma drug levels, targeting of the active ingredient for a local effect and good patient compliance 1 the barrier nature of skin makes it difficult for most drugs to penetrate into and permeate through it 2 . During the past *Corresponding Author: shriya.pharmacops@gmail.com decades there has been wide interest in exploring new techniques to increase drug absorption through skin 1, 3, 5 . Topical delivery of drugs by lipid vesicles has evoked a considerable interest Since the first paper to report the effectiveness of liposomes for skin delivery was published by Mezei and Gulasekharam 4 conflicting results continued to be published concerning their effectiveness, enhancing the controversy of liposomes as dermal and transdermal drug delivery vehicles 5 . The first therapeutic, using lipid vesicles on the skin, were commercialized shortly before the year 1990, and contained the antimycotic agent, econazole. A few other, relatively simple, liposomebased dermal products followed 6, 7 . Recently, it became evident that, in most cases, classic liposomes are of little or no value as carriers for transdermal drug delivery as they do not deeply penetrate skin, but rather remain confined to upper layers of the stratum corneum. Intensive research led to the introduction and development 8 over the past 15 years, of a new class of lipid vesicles, the highly deformable (elastic or ultraflexible) liposomes that have been termed Transfersomes®. Several studies have reported that deformable liposomes were able to improve in vitro skin delivery of various drugs [9] [10] [11] [12] [13] and to penetrate intact skin, in vivo, transferring therapeutic amounts of drugs [14] [15] [16] with efficiency comparable with subcutaneous 15, [17] [18] [19] . 
Visualization Techniques
Transmission electron microscopy / Vesicle skin interaction study Fig. 1 .A-C represents the transmission electron micrographs of phosphate buffer saline (PBS), conventional liposomal and ethosomal formulation treated rat skin. After treatment with ethosomal formulation, areas of lipids with electron dense material were visualized deeper down in the stratum corneum that is fixed only by osmium tetraoxide (OsO4). Since, SC lipids lamellae cannot be fixed by OsO4, it was suggested that the dense material originated from the vesicles. These OsO4 fixed lipid areas containing electron dense material were not observed in PBS and conventional liposomal formulation treated skin ( Fig. 2A-B) . No ultra structural changes were observed in cell layers below the stratum corneum indicating that rigid liposomal formulation did not induce any changes in the ultrastructure of stratum corneum and accumulated only in the top layer of the skin. These results illustrated that liquid state vesicles might act not only in superficial stratum corneum layers, but may also induce liquid perturbations in deeper layers of the SC, while gel state vesicles interacted only with the outermost layers in the SC. This might explain the difference in drug permeation enhancement between ethosomal and conventional liposomal formulation. In addition, fusion of conventional liposomal vesicles on top of the stratum corneum might also act as additional barrier for diffusion of drugs and therefore inhibit skin permeation. To support the result of TEM study, Jain et C16-vesicles were chosen for SEM observation because of their high elasticity and EPC recovery. C16-vesicles after extrusion appeared as particles with a diameter of above 100 nm, like vesicles before extrusion (Fig. 11A, B) . High recovery of EPC and SEM observation of vesicle suspensions after extrusion suggest that high elasticity of the bilayers, ultradeformable vesicles might squeeze themselves and pass through pores much smaller than their own diameter 29 .
Confocal scanning laser microscopy (CSLM) study Light and electron microscopy have been important tools for the analysis of cellular structure, physiology and function of biological tissues. Although transmission electron microscopy (TEM), offers excellent resolution of ultrastructural details (0.1 nm) for skin visualization, it causes damage to the specimen and suffers from fixation and sectioning artefacts. Only small specimen areas can be directly visualized and quantification of a permeating drug molecule is impossible 30, 31 In contrast, in hematoxylin-eosin stained tissue, cell nuclei could not be perceived byconventional light microscopy. CLSM is therefore a valuable tool for the rapid evaluation of the quality of reconstructed epidermis. CLSM furthermore allows skin structure to be studied in three dimensions with very high accuracy. Vardaxis et al. 36 combined a fluorescent immunoassay and CLSM to obtain morphological information regarding the epithelial vascular supply, the hair follicle, and the density and arrangement of elastic fibres in the dermis. CLSM, in association with immunofluorescence, provided a clearer and sharper imaging method compared to conventional epifluorescence in studies involving skin injury and dermal healing 37, 38 . Assessment of the distribution and abundance of microfibrils at the human dermalepidermal junction has involved visualization using CLSM in association with an immunofluorescence approach 39 . To obtain three-dimensional information from the skin, it is common practice to acquire a series of optical sections, referred to as a z-series, taken at successive focal planes along the z axis. The principle of z series acquisition is demonstrated schematically in Fig. 3 . Fluorescence MicroscopyPenetration ability of nanocarriers can be evaluated using fluorescence microscopy. Godin and Touitou used eosin and haematoxyline staining techniques for histological examination of different skin layers after application of ethosomal formulation and found significant difference between skin biopsies after various treatments. Fluorescence photomicrograph of the skin after a 6 hr application of Rhodamine 123 (lipophilic probe) or 6-CF (hydrophilic probe) loaded liposomal and ethosomal formulation are shown in Fig. 7A-D . Penetration from conventional liposomes was only to upper layer of skin (stratum corneum). Deep penetration from alcohol free liposomes was almost negligible (Fig.  7A, C) . In contrast enhanced delivery of 6-CF and Rhodamine 123 in terms of depth and quantity (dermis layer) was observed using the ethosomal carrier (Fig. 7B, D) . These results supported the results of skin permeation studies and showed the feasibility of using ethosomal formulation for delivering drugs into the deeper layers of skin or across the skin 40 . Jain S. et al. prepared the Proultraflexible Lipid Vesicles of Levonorgestrel and evaluated its penetration ability by using fluorescence microscopy. Sixcarboxyflourescein is a hydrophilic fluorescence marker and does not normally get into the deeper layer of the skin when applied in the form of proliposomal formulation (Fig. 8a) . However, this dye was transported extensively and reached the dermal layer when applied in the form of PTG formulation (Fig. 8b) . The presence of fluorescence marker in the deeper layer of skin shows better skin penetration ability of the PTG formulation 41 . ******
Conclusion

